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No. 911.--" Description of the  Sliding Caisson a t  Keyham 
Dockyard."'  By WILLIAM FAIRBAIRN, M. Inst. C.E. 

THE employment of  caissons, for closing the  entrance to wet, 
or  dry docks, was first suggested,  in  this country, by General 
Sir Samuel  Bentham, an officer  of unwearied exertion, to 
whom this  country  is  indebted  for a great  number of improve- 
ments, which have, from time  to  time, been introduced  into  the 
Government dockyards. They have  since been extensively 
used  for wide entrances,  instead of gates of the usual construc- 
tion, and,  in  general,  they are well adapted for the purpose, for 
although  they  require  the same amount of adjusting  to the 
masonry as lock-gates, yet,  in some respects, they afford  su- 
perior facilities, in caes  where the  tide rises to a  great  height 
and where large vessels are required to be docked. 

The ordinary floating caisson, although extensively used for 
a great variety of purposes, was not  considered so well  cal- 
culated  for  the wide entrance of the  Keyham Docks. The 
great width of the opening, the  depth of the basin and  other 
circumstances, including the time  lost  in  pumping  out the 
water,  rendered a caisson of the ordinary  kind objectionable, 
and to  obviate the difficulties, the  construction of a  large  rect- 
angular vessel,  composed of iron  plates,  and of such form and 
dimensions as would resist  the  pressure and effectually  close the 
entrance, was designed by Mr. Scamp, (M. Inst. C.E.) Deputy 
Director of the Admiralty Works, for facilitating  the admission 
of ships of war into  the docks and basins, at any  state of the 
tide. 

The object of the  design was, that  the caisson,  when raised a 
few inches from the bottom of the cill groove should be easily 
drawn into a recess, provided for its  reception in the masonry, 
and thus save not only the  trouble  and expense of pumping out 

1 The discussion upon this Paper extended over  portions of two evenings, 
but an  abstract of the whole is  given consecutively. 
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the water; ak under  tlie old process, but a great  deal of valuable 
time, which is necessarily expended  in  the  opening  and  closing- 
of swing-gates of such large dimensions. I n  corroboration of 
these views, the enormous strength of the  malleable  iron con- 
structions  for t,he  Conway and Britannia  bridges was referred  to, 
and  the Author was directed carefully to consider the subject; 
in  the whole  of its practical bearings,  and if found correct, to 
carry  these views into effect, and to undertake  the  construction. 
of the caisson. After  careful  investigation,  the necessary draw- 
ings were prepared, and having proportioned  the different parts 
to their respective strains,  the whole received the sanction of 
the  Admiralty  and  the  Director of Works. 

As this caisson is of peculiar construction and unusual mag- 
nitude, it may not  be  uninteresting briefly to notice its adapt- 
tation to the various requirements  and conditions, under which 
it was introduced,  for the double purpose of closing the prin- 
cipal entrance  and  for  transforming  the lock, when requisite, 
into  a graving-dock. 

The Keyham  Docks  extend for some distance  along the 
eastern  shores of the  Hamoaze, only a few hundred  yards 
north of the  Gun  Wharf, and  immediately below Morris 
Town. Early  in 1844, it was determined by .the Admiralty, 
to construct an establishment for steamers  and line-of-battle 
ships, of  sufficient capacity and  extent,  to  admit simulta- 
neously, to the basins and docks, the  largest ships and  steamers 
of the navy. For these objects two large basins, communicating 
with  each  other,  but  having  separate  entrances from the sea, 
were constructed,  and are now in constant use. The  depth of 
the water in each basin  is 28 feet,  and  the principal, or south 
entrance, is so constructed  as to form a dry dock of about 
260 feet  in  length, 80 feet wide, and 43 feet  deep. The front, 
or west entrance of the lock, is closed by the new sliding caisson, 
and  the eastern  extremity by one of the  ordinary construc- 
tion. This  latter shuts  out  the water from the basin, and  the 
former  prevents its entrance from the sea. The space between 
the two  caissons  may, therefore, be  used either as a dry dock 
for  repairs,  or &S an entrance lock into  the basin, at any state 
of the tide. Higher up the river  is  a second entrance,  directly 
into  the  north basin, which is closed  by another caisson of ' the 
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ordinary  constriction, which is 0oated out of its place by the' 
usual process of pumping  and  hauling. This  latter caisson not 
only opens the  entrance  to  the  north basin, but also to the  other, 
in  the  event of the  south  entrance  being used as a  dry dock. 
On the  eastern  side of the basin three  dry docks are prepared 
to receive  ships of  war ; each of them  having  a  separate  entrance 
from the basin, and all  being closed by caissons of peculiar 
arrangement. The whole  of the  dry docks, as well as  the  south- 
entrance lock, are emptied by  pumps, worked by two steam- 
engines,  each of 50 H. P., discharging  the  water  into  the  tide- 
way. On the north  side of the docks, large  buildings are  in 
progress of construction, as ddpSts for all the requisite  stores 
necessary for the equipment of almost  any  number of ships, and 
also  for the repairs of steam machinery. 

From this statement it will be  seen, that  the Keyham  Works, 
when completed, will exceed in capacity and convenience almost 
any  other  establishment of the kind in  the kingdom,  and will 
afford much greater facility for repairing  and  outfitting,  than  has 
ever  yet  been  attained at this  important  station,  thus offering 
increased  facilities in  that department of the public service,  on 
which the safety of the nation  and the best  interests of the 
country depend. 

The new  caisson,  which it is more especially the  object of the 
Paper to  describe,  has  a  rectangular section and consists  of six 
horizontal divisions, or compartments, of which the two at  the 
bottom, form the  air-chamber,  or the lungs by which the vessel 
floats to  the  height of a few inches above the cill, to allow it  to 
be drawn into  a recess, to  permit  the  passage of vessels into, or 
out of the dock, These two compartments  are, properly speak- 
ing, in one,  with an iron deck at F, (Plate 4, Fig. 2)  ; they are 
made  perfectly  water-tight,  and of such a  capacity as  to exceed 
the weight of the caisson  in its bulk of water, thus  affording a 
power  of floatation equal to a height of 10 inches, or 12 inches 
from the bottom. The three  next  compartments are open to 
each  other,  but are water-tight from the  outside,  and form the 
tidal-ballast  compartment, with a sluice-valve, v, on each side, 
by which the  water is admitted,  in  order to retaih  the whole in 
equilibrium, and to  prevent  the caisson  from rising, by the 
buoyancy of the air-chamber below. The upper, or sixth com- 
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partment k a space, 3 feet 6 inches in height, between the  tidal- 
ballast compartment and  the  upper  deck, H, and forms a tank 
containing from 60 tons  to 70 tons of water, which is supplied 
from the main by a hose-pipe, and is  used  for  the purpose of 
counteracting  the buoyancy of the air-chamber when sinking the 
caisson into its place. 

The frame-work of the divisions, or decks, is formed of strong 
angle-iron, with connecting cross-beams at every compartment ;. 
the vertical frames are 18 inches apart,  and to these are riveted 
the bottom and  side  sheathing  plates which are &ths of an inch 
thick, at the bottom, and  gradually diminish in thickness to 
of an inch at the top. The plates are connected by what are 
denominated flush, or butt-joints, double  riveted, with covering 
strips of the same thickness as the plates. The bottom and end 
plates are riveted to the  frames  in  the same manner, but the 
side  plating projects 12 inches all  round the bottom and  the 
ends, in order to admit  the bolts for  securing  the wood frames 
which fit the masonry on the  outside. In  addition  to  the in- 
terior  frames of the bottom and  the  ends,  a  series of strong 
plate beams are riveted to  the projected  sheathing outside, 
across the end  and  along the bottom, so as to  prevent  the  ex- 
ternal  pressure  from  causing  any  yielding of those parts which 
project beyond the body of the caisson. Along  the bottom the 
cross-beams are not so close ;LS those up the  ends,  in  order to 
insert  the wooden keelsons, on  which the caisson rests when. 
fixed in its place. 

Independent of the water-tight decks, which form the cover- 
ing of the air-chamber  and the bottom of the tank,  the  latter is 
surmounted by a wooden deck, forming a  bridge of communica-, 
tion between the opposite sides of the lock,  when the  entrance  is 
closed. The intermediate decks between the top of the  air- 
chamber  and  the  tank are open, but  in  other respects they are 
connected to the  side  frames by  cross-beams : along each side 
is a platform of powerful stringer  plates 2 feet 6 inches wide, 
securely  riveted by strong angle-irons, to each of the cross- 
beams, and also to  the  vertical frames, connecting the whole, 
and giving  increased  strength, as well as stiffness to the struc- 
ture. Exclusive, however, of these precautions, and in  order 
to prevent any yielding of the flat surface, which is exposed. 
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to  a pressure of nearly 1,000 tons, it was considered expe-- 
dient  still  further  to  increase  the  rigidity and consequent 
stability of the  structure, by inserting  strong  triangular  gusset 
plates, (a, a, a, a, Plate 4, Fig. 2,)  riveted  to the top  and 
bottom  intersections of each compartment. 

The following tabular form shows the  calculated  strengths of 
the different  compartments of the caisson,  with the  ratios of 
the pressure to the  ultimate resistance. 

Compartments. 

No. 1 

?l 2 
,? 3 
,? 4 
,9 5 

Ballast tank 6 

Total 

378 1298 1: 3.43 
319 1262 1: 3.95 
311 1358 1: 4.36 
225 1310 1: 5.82 

97 1202 1:12'39 

1330 1 6430 I Mean. 
1: 4.83 

This gives 6,430 tons as  the  ultimate power of resistance, 
whereas the  greatest  %pressure  that can  come  upon it is 1,330 
.tons, or as 64 : 13, being  nearly five times  the  ultimate  strain 
that can bear upon the caisson. I n  this computation :it  will be 
observed,  that  in  the two  lower compartments, where the  strain 
is the  greatest,  the mean resistance  to  pressure is not more than 
32 times, or in  the  ratio of 3.69 : 1. The upper compartments 
are, however, proportionately  in excess of the two lower  ones,, 
which, according  to  the  rules of proportion, is  not  exactly cor- 
rect ; but  although  the thickness of the  plates decreases, it could 
not,  in practice, be reduced  in  the  ratio of the pressure, without 
a risk of oxidation, or concussions acting prejudicially upon the 
vessel. 

Having  described  the  leading  features of the construction, it 
. may be necessary still further  to notice the  superior  facilities 

which it presents, for opening and  shutting  the  entrances of tidal 
basins, and  the  great saving of time and  labour  attained by this 
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description of  caisson,  when  compared  with the old construction. 
In  pointing out these advantages, it will first be necessary to 
premise, that near the bottom of the caisson, and through the 
interior of the air-chamber, are four tubes, or culverts, K, K, K, K, 
(Plate 4, Figs. 1, 2 and 3,) with  sluices to scour the entrance to 
the basin,  which in  this particular locality is liable to silt up, 
from the effects of the flood-tide, setting  in from the Sound, 
in a direction opposite to that of the  Keyham Docks. These 
sluices are intended, when opened at low-water, to produce 
a current sufficiently strong to carry, into  deep water, nearly 
the whole of the deposits  which  may  accumulate in front of the 
caisson ; and by opening them occasionally, the entrance into the 
docks will be kept clear. 

Immediately above, and at a depth of a few inches  below low- 
water mark, are two other openings, called the tidal-ballast 
sluices, V, V, (Plate 4, Figs. 1 and 2,) ; that toward the tide-way 
is usually  open, so as  to allow the  tide  to rise and fall,  within 
the caisson ; whilst that near the lock is usually  closed. 

On the back of each of the two  sluices just named, are self- 
acting lids, or flap-valves,  which  open freely on  whichever side the 
pressure of the water may preponderate, and  admit  the water 
into  the tidal-ballast compartment, either from the sea, or the 
docks. By these means the caisson  is prevented from rising to 
a greater height  than is necessary to float it a few inches above 
the floor on which it rests, or more than the floatation required 
for allowing it to be drawn into  the recess. These operations 
will,  however, be better understood from a description of the 
mode of opening and closing the lock. 

The caisson is drawn in  and out of the recess  by  chains, 
attached at  each end to small drums on the working gear. 
There  zre dso  two  guide-ropes,  which after passing through 
the caisson, immediately below the upper deck, are secured to 
the  north recess  by spring hooks,  upon links fixed in  the  ma- 
sonry. The ends of the guide-ropcs are connected  with the 
machinery of the hauling chains, and are wound  upon the 
barrels in  the south recess. 

I n  order to remove the caisson  from its position,  (assuming 
the entrance to be  closed,) and to draw it into the chamber, 
the ends of the guide-ropes require to be secured to the  north 
rccess; two  small barrels on the same shaft are then em- 

[1853-54.1 2 G  
Downloaded by [ University of Liverpool] on [19/09/16]. Copyright © ICE Publishing, all rights reserved.



450 KEYHAM CAISSON. 

ployed to tighten  the ropes, and  being fixed by their palls, the 
hauling gear is  detached from the tightening  drums by the 
sliding clutches, which operation  liberates  that portion of the 
machinery required  for the purpose of drawing the caisson into 
the recess. Before commencing the hauling process, it is, 
however, necessary to float the caisson,  (which hitherto  has 
rested upon the bottom,)  and  this is accomplished by opening 
the valve N, (Plate 4, Fig. 1,) and  discharging  the water from 
the  ballast-tank  into the  tidal compartment below. 

In  this position the whole of the caisson is supposed to  be 
filled with water to  the  level of the  tide,  excepting only the  air- 
chamber, which, it will be observed, is the only buoyant principle 
it possesses, for  raising it to  a  height sufficient to float it into  the 
recess, and  the  water  having  free access through  the  tidal com- 
partment will stand at the same level  on  both  sides of the 
caisson. The admission of the  water  into  the  tidal-ballast com- 
partment  is effected in two  ways, either by opening  the valve N, 
or by allowing the  free working of the fiap-valves  on the back of 
the sluices v,  v, which open and  shut by the  pressure of the 
water as it may stand  higher, or lower on either  side of the 
caisson.' 

From this description of the apparatus, it will be perceived, 
that the process of hauling  is a very simple one, requiring only 
the force of a few  men at  the working gear, when the water 
has  attained  the same level on each side of the caisson, and 
the  tidal  ballast  self-acting valves are free  to work in  any 
direction  according as the  pressure may be in excess, on one 
side, or the ot,her. In this condition, the valve N, of the ballast- 
tank  being  raised, allows the water to escape into  the space 
below, and  enables  the caisson to rise gradually,  until  the 
tank  is  nearly empty, when it will  float to a  height of 4 inches, 
or 5 inches from the floor, ready for being drawn into  the 
recess, a process which seldom occupies more than eight, or nine 
minutes. 

Supposing  the vessel to have entered  the lock, it then becomes 

These  additional  valves  might  be  dispensed  with, but viewing them as B 
precautionary  measure of safety, they furnish  an  effective  adjunct,  in  the event 
of a rising  tide, of unusual  height,  affecting  the  equilibrium of pressure, or of 
any neglect in opening  the  sluices  at the proper time. 
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necessary to close the entrance, and by a reverse action to restore 
the caisson to  its original position. This is accomplished by an 
equally simple  process, as all  that is required is, to haul it 
forward,  by  the  working  gear of the  north side, using the 
guide-ropes a6 before, until it reaches the stop, when the tank 
may  again  be filled, and by these means, the caisson sinks 
quietly into its situation on the cill. 

In removing  the caisson fbr repairs, painting, &C., it will  only 
be necessary to close the tidal-ballast valves V, V, at  low-water, 
and having  secured  the flaps, to  prevent  them from opening  under 
the  external  pressure ; a valve in the deck F, (Plate 4, Figs. 1 
and S,) must then  be  opened,  and the air-chamber, which  will 
contain  about 300 tons of water,  becomes,  for the time, part of 
the ballast compartment. The water tank above  being  emptied, 
the position of the centre of gravity, by  which the caisson will 
have  been  kept in a state of unstable equilibrium, will be trans- 
ferred below the centre of displacement, and the caisson  will 
float, as  the  tide rises, to a height sufficient to clear the side 
walls of the recess, and  to be in a position  where it may  be 
towed to a place of safety for examination, or repair. During 
this process a caisson of the common construction is fixed at  
the opposite end of the dock, in order to retain  the  water in the 
basin  until  the repairs, &C., are effected, and  the  other is restored 
to  its former position in the recess. 

It must be borne in mind, that  the  entrance is intended for 
the double p&pose of a lock, and a dry dock,  which latter may 
sometimes be required, when extensive repairs  are in progress. 
When the lock is  thus appropriated, it  will  be necessary  to  have 
caissons at both ends, in order  to  retain the water in the  basin 
and to prevent its admission  into  the dock,  from the sea, at the 
other  extremity. 

Almost all  the caissons  which had  been previously con- 
structed were built in the shape of a ship, the floating being 
effected  by pumping the water from the inside, and when it 
was requisite to move them, for a vessel to  enter, or to  leave 
the dock, the caisson had to be raised to a considerable  height, 
turned  and floated away so as  to clear the entrance. The 
caisson here  described differs materially from the common  con- 
struction, in its  rectangular form,-in the floating being effected 
by  simply  opening a valve,-and  in the caisson being  drawn 
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transversely into a lateral recess, in order to open a free 
passage into  the dock. 

The clear width of the opening in  the masonry,  shown in 
Plate 4, Fig. 4, is 80 feet at the top, and  65 feet 8 inches at  the 
bottom, giving a batter  to each wall, of 1 in 6 ; whilst the  clear 
height of the opening is 43 feet. 

The cill, or floor, on  which the caisson rests, is 2 feet below 
the  general level of the. entrance. The length of the caisson at 
the top is 82  feet 6 inches and  at  the bottom 68 feet 6 inches. 
The height is 42 feet, exclusive of the turn-down railing which 
is 3 feet more, and  the width is 13 feet 6 inches. At each side 
of the caisson, along  the bottom and ends, are bolted oak- 
lining timbers, 15 inches by 8 inches ; the width over  these 
timbers is, therefore, 14  feet 10 inches. The face of this 
lining is made a perfect plane, and fits against a corresponding 
face in  the masonry, forming a joint for the eEectual  exclusion 
of the water, at  the bottom and sides. 

When  the dock is full, at low-water, the outside lining 
timber would be pressed against  the outside face of the masonry, 
marked EE,  (Plate 4, Fig. 3,)  but assuming the dock to be 
empty, the pressure would be reversed and  the caisson  would 
be forced against  the opposite side, D D. The distance be- 
tween the two plane faces of the masonry is 15 feet 6 inches, 
allowing a clearance of 8 inches for the movement  of the 
caisson. 

The thickness of the  plates varies from gths to  gths of 
an inch, decreasing from the bottom upwards towards the top. 
The plates form butt-joints to each other, and have covering 
strips to which they are  attached by double and quadruple rows 
of  rivets. There  are three decks in the caisson, marked F, G, 
and H, (Plate 4, Figs. 1 and 2.) The deck, marked F, is of 
wrought-iron plates, riveted together water-tight, and  it forms 
the top of the air-chamber. The  next wrought-iron deck, 
marked G, is also  water-tight,  and forms the bottom of the 
ballast-tank. The deck, marked H, is formed of planking, 
4 inches thick, and affords a passage over the top of the 
caisson. The sides, ends, bottom, and wrought-iron decks, are 
strengthened by having angle-irons, 6 inches  by 3 inches  by 
i ths  of an inch, riveted to them at intervals of 18 inches. 
A t  intermediate  distances between the decks, are three rows of 
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stringer plates, with angle irons beneath, for strengthening  and 
keeping the sides in position. At 3 feet 6 inches  from the 
bottom, are four  scouring culverts, K K K K, (Plate 4, Figs. 1, 
2, and 3,) each 3 feet  diameter, formed of wrought-iron plates, 
passing entirely through the caisson; they are used for clear- 
ing away the mud, which might otherwise accumulate and 
hinder the proper working of the caisson. These culverts 
have each a valve, L, (Plate 4, Fig. 2,) in the middle of them, by 
means of which they  can  be opened, or shut, when requisite : 
this is effected  by turning t,he spindle M on the  top deck,  which 
is connected to a wheel  with a nut  attached to it, and raises, 
by a screw, the  rod to which the valve is attached. 

The whole  weight  of the caisson,  with all  its fittings com- 
plete, is 290 tons ; and  in  order  to float this mass of material, 
an air-chamber, (already described,) is provided in the bottom. 
This chamber, which is 12 feet deep, and extends the whole 
length and width of the caisson, is made perfectly water-tight 
on all sides, and  has a capacity equal to 323 tons of water. I n  
order to sink the caisson to  its required level, 3 inches above 
the keel floor,  when the water is as  high on the inside  of the 
caisson as on the outside, and  the ballast-tank is empty, 33 tons 
of bidlast are placed at the bottom  of the caisson, and a small 
hand-pump is provided in  the air-chamber, to be worked  from 
the top deck and to be used in case of any leakage. 

The ballast-tank, at the  top of the caisson, (Plate 4, Figs. 
1 and 2,) is 54 feet 6 inches long, 3 feet 6 inches deep, and 
13 feet 6 inches  wide, and is capable of containing 70 tons of 
water; it has a valve in  the bottom, 12 inches in diameter, to 
empty its contents into  the body of the caisson, and it is  filled 
from the hose of the fire-main. 

The centre of gravity of the caisson,  without  ballast, or water, 
is 19 feet 3 inches,  from the  bottom; with 33 tons of iron 
ballast in  the bottom of the air-chamber, the centre of gravity is 
17 feet 6 inches  from the bottom. When the caisson  floats 3 
inches  clear of the cill, the draught af water at low-water 
spring-tides, with the ballast-tank  empty, is 19 feet 6 inches ; 
so that  the  centre of gravity is 2 feet 3 inches  below the line of 
floatation at low-water  spring-t.ides ; the operation of floating at  
low-water, will, therefore, require to be accomplished  with  care, 
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and  the caisson  must be  secured  by the guide-ropes to prevent 
it from becoming jammed in the masonry.’ 

The weight of water  contained by the caisson,  between the 
top of the air-chamber, and  the line of floatation at low-water 
spring-tides is 78 tons. 

Figs. 1, 2, 3, Plate 4, exhibit longitudinal  and transverse 
sections, as also a sectional plan of the caisson,  showing the 
valves for admitting  the water into the tidal-ballast compart- 
ment, and  the valve  for discharging  the  water from the ballast- 
tank.  All these valves are worked  with perfect ease from the 
upper  deck. 

Immediately  after  the completion of the caisson, it was  con- 
sidered  expedient  to ascertain, with  accuracy, its powers of 
resistance to pressure, and  the amount of deflection caused  by 
different depths of water  pressing upon the outside of the 
caisson, for which purpose, the lock  was cleared of water by the 
pumps. I n  this way the effects of pressure on the outside of 
the caisson  was ascertained  until  the  water rose to a depth of 
38 feet 4 inches above the bottom of the dock. These experi- 
ments  were  made on the  10th of July, 1850, in the presence 
of Colonel  Williams, R.E., the Superintending  Engineer, and 
Mr. Townsend, (M. Inst. C.E.,) the Assistant  Superintendent 
Engineer of the works. The following are the  tabulated  re- 
sults, showing the. deflection of the caisson at  the respective 
heights of A 11 feet 9 inches, B 1 9  feet 6 inches, C 28 feet 
G inches, and D 38 feet 6 inches, above  the  bottom of the cill, 

Since the above was written,  the caisson has been in operation for the 
purpose of admitting vessels through  the lock, md amongst others,  the ‘ Queen ’ 
line-of-battle ship, which was effected in eighteen minutes ; ten minutes hav- 
ing been  occupied i n  opening the passage, and eight minutes in closing it, and 
in  this  time  the whole operation was accomplished with perfect facility. In 
adjusting  the caisson to  the different state of the tides, a small quantity of bal- 
last  is  required ; thus  the difference between high- and low-water is exactly 
equal  to  the difference, or weight of the material ; or, by ballasting the caisson 
to a proper line of floatation at 10s -water,  the  ballast required should be equal 
to  the difference of all  the  material,  or  nearly a ton for every foot in  depth. 
Supposing, for example,  the difference between high- and low-water to be I 8  
feet, 18 tons of ballast would therefore be required, 9 tons laid upon platforms 
at each end, when the  ballast can be adjusted  with  perfect ease according to 
the  state of the tide. 
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the lock being empty, and the water being  admitted on the 
outer  side of the caisson. - 

Height 
of Water 
against 
Caisson 
from 

bottom of 
Keel. -- 

’ Feet. In. 

16 0 

17 0 
18 0 

19 0 

20 0 

21 0 
22 0 
23 0 

21 0 

25 0 
26 0 
27 0 
28 0 
29 0 
30 0 
31 0 
32 0 
38 0 
34 0 
35 0 
36 0 

37 0 

38 0 

38 3 

38 4 

I; Deflection in Inches. r 
REMARKS. 

Lt each of the above heights, a 
wire was stretched between sta- 
ples, fixed on the  inner side of the 
timber side stops. The  centre of 
each wire was suspended o-Ter, (so 
as barely to  touch,)  a small bracket, 
or shelf, which was fixed to the  face 
of the caisson, and on which was 
carefully marked  the distance of 
the  wire  from  the caisson, before 
any pressure of water was applied 
to  the opposite face. As these 
brackets moved with  the face of 
the caisson, while the wires were 
at rest, the deflections were ascer- 
tained by measuring, at  each trial, 
the distances noted before any 
water was admitted. After pump- 
ing out the eutrance, the caisson 
was found to have regained its 
original distance from the wires, 
with  the  slight exception, at  B, of 
&h of an  inch, which most pro- 
bably arose from an accidental dis- 
turbance of the wire. 

From  the foregoing  experiments it will be observed, that  the 
greatest deflection  was, as might have been  expected, in  the 
lines R and C, at the respective heights of 19 feet 6 inches and 
28 feet 6 inches above the bottom. 

Along the  line A, only 11 feet 9 inches from the  bottom, 
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where the  strain was greatest,  there was the least deflection, 
and  the  least yielding to pressure, but this may be accounted 
for, by the equable support that  the caisson acquired along the 
whole line of the bottom  stop, or shelf of masonry, against which 
it was forcibly pressed. The caisson, along the lines B and 
C, had no supports of that kind, and hence  follows the increased 
deflection  observed in those parts. The ultimate strength of 
the caisson is, however, as a whole, greatly  in excess of the 
force of the sea, whether arising from a dead pressure, or  the 
concussion produced by the action of the surf which, at times, 
sets  in heavily  from the south-west at high-water. 

The  Paper is illustrated by a series of drawings,  from  which 
Plate 4, (Figs. l to 4,) is compiled. 

Mr. SCAMP said, that all deposits of mud and sand in the 
recess and below the caisson  were prevented by  the slopes on 
the floor, and  the entrance was kept free, by  sluices  provided in 
the caisson and  in  the side walls. Dredging-vessels also  con- 
tributed to the same result at a distance from the entrance. 
The object  of the guitle-ropes was to keep the caisson steady in 
stormy weather, and  to avoid  obstruction vhen entering the 
recess. The  area of the caisson was about 3,000 feet, of  which 
150 feet of bearing surface was a perfectly  water-tight joint, 
under a head of 37 feet of water-pressure. The displacement 
of the materials of which the caisson  was  constructed was equal 
to about 8 tons, (the water being  admitted within,)  when it was 
being ballasted for the low-water line. Additional  ballast was 
required for any  other state of the  tide, in proportion to its 
height, the means of adjustment  being provided, by water sup- 
plied from the fire-mains, to tanks in the upper part of the 
caisson. 

It was at first a question, whether the caisson  should be re- 
moved  on  wheels ; but, on consideration, he thought that  the 
system of floating was  simpler, and more in accordance with 
one of the objects he  had  in view,-to dispense  with everything 
liable to derangement, at the  great depth of 18 feet below  low- 
water line. The caisson required to be moved  with  case and 
rapidity. This was accomplished, as  the opening of the passage 
could be effected in ten  minutes;  and, during  the operation, it 

. 1 . .  . ."-. _ _  .- ~ - -  
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